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194a Sunday, February 26, 2012Patellae were extracted from New ZealandWhite rabbits immediately after sac-
rifice. Tissue samples were incubated in ECM-marking dye for 5 hours prior to
testing. Static compressive loads were applied to the samples in this order:
10%, 20%, 30%, 40%, 60%, and 80% strain. Confocal image sections were
recorded before and at each load after 15 minutes. Local ECM strain and
cell deformations were analyzed to quantify the overall response of the carti-
lage and cells.
Local compressive ECM strains increased with increasing applied nominal tis-
sue deformation, from 20.4% to 58.6% at 10% and 80% applied tissue strain,
respectively. Chondrocyte volume increased slightly under a 10% nominal tis-
sue strain, then decreased at a 20% strain, followed by a further decrease at
30%, before remaining essentially constant up to 80% applied tissue strain.
Cell height compressive strain increased in a similar fashion to the ECM
strain. Cell strains in the transverse directions (width and depth) remained ap-
proximately uniform for nominal tissue strains ranging from 10% to 60%,
however at 80% nominal tissue strain, the transverse cell dimensions increased
greatly.
These results provide new insight into the deformation behavior of chondro-
cytes in their native environment under physiological and extreme nominal tis-
sue strains. The relative stability of cell volumes and the transverse dimensions
of cells under increasing tissue loads is consistent with the hypothesis that the
extra- and peri-cellular matrices protect cells from excessive strains in situa-
tions of large cartilage deformation.
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Single particle tracking in live biological samples has been limited in applica-
tion because of the lack of ability to follow the particles in the axial direction
for significant distances. Further, imaging just one single focal plane leads to
a significant decrease in axial localization accuracy when the point source is
in focus. MUltifocal Microscopy (MUM) is a method that has been used to
obtain high accuracy 3D localization information by simultaneously imaging
more than one focal plane in the sample [1]. It has previously been used to
image multiple closely-spaced focal planes to study intracellular biological
events [2, 3].
We have significantly expanded on the capabilities of MUM wherein we im-
age at multiple well-separated focal planes in the sample to track single par-
ticles across depths of several microns. Using more than two planes allows
us to monitor very thick samples and at the same time further increase the ac-
curacy of axial localization near the focal planes. The widefield imaging con-
figuration of MUM in conjunction with large plane-spacings allows us to
simultaneously track multiple single particles for extended periods of time
in three dimensions.
We evaluate quantitative methods of estimating the axial localization of point
sources using data from multiple focal planes and compare various methods of
estimation to the lower bounds of axial localization accuracy. We then show
that such quantitative imaging can be used to simultaneously track multiple
quantum dots across the axial length of live cells with high spatial and temporal
resolution for extended periods of time. Such ability opens up new possibilities
in quantitative single particle tracking applications in biology.
1. IEEE Trans. Nanobioscience, 2004, 3:237-242.
2. PNAS, 2007, 104:5889-5894.
3. Biophys J., 2008, 95:6025-6043.
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Spatially resolved spectroscopies provide a non-destructive in-situ probe at the
single cell level. We employ micro-Raman spectroscopy to investigate the bio-
chemical and structural composition of P69 and PC3 prostate cells. P69 is
a non-tumorigenic cell line developed from normal prostate epithelial cells
while PC3 is a highly aggressive metastatic prostate cancer cell line developed
from bone metatasis. The studies were conducted to differentiate between be-
nign and malignant cancer tissues. Micro-Raman spectra were measured with
633 nm excitation with less than 4 mW power on live cells both in suspensionand on substrates. The Raman spectra reveal differences between normal and
cancer cells in the C-C, amide I and amide III regions. We also investigate me-
chanical properties and morphological changes in individual cells employing
high pressure microscopy. Our setup allows real time imaging of individual
cells at variable pressure. We probe differences in cell mobility and mechanical
stability between normal and cancer cells during a pressure cycle over the range
from 0.1 to 200 MPa.
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The molecular mechanisms involved in the intracellular trafficking of proteins
that sustain cell polarization in epithelial cells has not been fully elucidated.
Traditionally, the evolution of protein localization has been studied by assess-
ing protein localization on a time-lapse basis. This kind of approach is unable to
reveal the fast-occurring details of vesicular transport that could be key to un-
derstanding certain aspects of the molecular machinery. Additionally, this
problem is often addressed qualitatively or with a rather low number of obser-
vations yielding results that could be biased and not statistically significant. We
propose to use in-vivo imaging and a battery of image processing tools to study
apical vs. basolateral trafficking with a high-content approach.
Aquaporins (AQP) are a family of water-channel proteins present on specific
membrane domains of mammalian cells. For example, it is known that
AQP4 is localized to the basolateral membrane, while AQP2 is localized to
the apical membrane. This differential localization makes these proteins
a proper model for studying apical vs. basolateral protein sorting. We have
in-vivo imaged MDCK cells transfected with GFP-AQPs at near 10 Hz frame
rate with a conventional epi-fluorescence microscope, and the resulting movies
processed using a single particle tracking algorithm to obtain the trajectories of
the vesicles. The significant number of detected tracks (sometimes greater
than 1000 per cell) is further analyzed by assessing the statistical distribution
of several descriptors, for example, vesicle mean speed, direction of movement,
effective protein transport and motion type. The results obtained in a population
of wild-type MDCK cells will be presented and discussed.
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Capturing high-speed structural dynamics of contracting myocytes is an im-
portant requirement for understanding the biophysical processes occurring
during contraction. We present our recent technological innovations that al-
low for real-time three-dimensional (3D) observation of the moving cardiac
muscle tissue in beating chick embryo hearts. In vivo dynamics in the beat-
ing heart muscle tissue are visualized using the multicontrast nonlinear opti-
cal microscope. The setup employs two femtosecond laser beams with
staggered pulse trains, which allow for the simultaneous measurement of sec-
ond harmonic generation at perpendicular laser polarizations. Fast refocusing
deep inside the sample is achieved by the deformable mirrors, which allow
imaging moving structures in 3D. The microscopy setup revealed intricate
interactions between sarcomeres during contracting and quiescent periods
of the myocytes. The high-speed 3D imaging capabilities provide exciting
opportunities to investigate fundamental biophysical mechanisms that under-
lie various fast biological processes occurring in a 3D volume in living
organisms.
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Neutrophil rolling is mediated by P-selectin on the endothelium binding to
P-selectin-glycoprotein-ligand (PSGL)-1constitutively expressed on neutro-
phils. In post capillary venules in vivo, neutrophils roll at shear stresses of
2-35 dyn/cm2. Recently, quantitative dynamic footprinting (qDF) microscopy
Sunday, February 26, 2012 195arevealed that neutrophil rolling on P-selectin at a shear stress of 6-8 dyn/cm2
is facilitated by four-fold larger footprints than expected and three to four
long membrane tethers at the rear. When mouse bone marrow neutrophils
were stained with an intercalating membrane dye (DiI), allowed to roll on
P- selectin in a microfluidic device at a shear stress of 6-10 dyn/cm2 and foot-
prints recorded using dual-color qDF (DqDF), we found that following tether
bond failure, tethers did not retract. Instead, the detached tethers landed as
‘slings’ in front of the rolling neutrophils. Slings were confirmed in an acute
model of inflammation in vivo using epifluorescence-intravital microscopy of
mouse cremaster. In each sling, PSGL-1 was distributed in patches 1.6 mm
apart while the integrin LFA-1 was expressed over the entire length of slings.
As the cells rolled on slings, they were wrapped around the rolling neutro-
phils and underwent a step-wise peeling at the rear of the rolling neutrophils
enabled by the tandem failure of PSGL-1 patches under hydrodynamic force.
The failure of each load-bearing PSGL-1 patch on the sling resulted in load-
ing of the next patch downstream of it and the cycle continued until the sling
was completely peeled off from the substrate. ‘Peeling of slings’ is distinct
from ‘pulling of tethers’ reported previously and the two mechanisms prob-
ably work synergistically to facilitate neutrophil rolling at high shear stress
during inflammation. This study was supported by the American Heart
Association-Scientist Development Grant 11SDG7340005 (P.S.) and NIH
EB02185 (K.L.).
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A broadband hyperspectral imaging (HSI) technique, originally developed for
remote sensing and imaging in geophysical applications, recently has been em-
ployed to enable noninvasive label-free optical imaging of biological speci-
mens. Here we report our results on hyperspectral microscopy of non-labeled
erythrocytes to study the distribution of hemoglobin. We have chosen to focus
on cellular hemoglobin because it is an endogenous chromorphore that is pres-
ent in high concentrations, which makes it a good candidate for establishing
proof of principle. In our imaging technique, hyperspectral data cubes (x, y,
l) are collected by either a wide-field or confocal microscope equipped with
a broadband light source, such as a white light laser or spectral light engine
in which narrow-band selection and wavelength scanning is achieved by fast
optoelectronic devices. The obtained data cubes then are analyzed by algo-
rithms based on a spectral angle mapper, yielding a set of unique absorption
spectral signatures (i.e. endmembers) corresponding to subforms of hemoglo-
bin, such as oxyhemoglobin and methemoglobin. Wavelength-dependent scat-
tering signatures of cell membranes are also resolved. Unique endmembers of
specific hemoglobin subforms are identified and used to build a map of intra-
cellular hemoglobin distribution by estimating the abundance of each specific
endmembers from the hyperspectral data cube. Our ongoing efforts include
technology development for the determination of the local thickness of a single
erythrocyte, to enable single cell volumetric measurement. The technique may
be further developed for label-free molecular and chemical imaging of a broad
range of endogenous biomarkers in cells and tissues, and ultimately for in vivo
molecular imaging as well.
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Although the phenotypic differences between individual organisms can often
be ascribed to underlying genetic and environmental variation, even genetically
identical organisms in homogeneous environments are phenotypically hetero-
geneous due to the stochastic effects in biological reactions, which is consid-
ered to play an important role in the biological processes such as
differentiation, development, adaptation and evolution. In general, the single-
cell distribution of the state of a cell (e.g., protein concentration) can be
obtained by repeating a single-cell measurement over an ensemble of cells.
However, we must be careful that of the result reflects not only the statistical
property of individual cells, but also the difference of cell proliferation rate
that depends on the temporary state. Conversely, a careful treatment of the sta-tistical properties of cell lineage and population might allow a reliable detection
of the relation between proliferation and the other phenotypic states. To address
the question along this line, we asked how cell growth fluctuations and gene
expression fluctuations are interrelated. For this purpose, we developed
a newmicrofluidic device that allows rigorous environmental control and track-
ing of a large number of individual growing cells for hundreds of generations
and designed a new custom software to analyze timelaps images using imageJ
and C. Analysis of long-term data of individual histories obtained by our new
system demonstrated the discrepancies of the growth rate as well as of the gene
expression level distributions between the single-cell lineages and the popula-
tion. We confirmed that a simple mathematical relation, which was in fact dis-
covered more than 60 years ago, can explain the difference of growth rate. This
study shows the significance of large-scale and careful examination of individ-
ual lineage trees, which provides the non-trivial statistical relations between in-
dividual cells and population.
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Light-sheet based techniques, such as single plane illumination microscopy
(SPIM) [1] and digital scanned laser microscopy (DSLM) [2], have been found
particularly useful in developmental biology applications since they provide the
capability to perform fast imaging of living samples reducing photobleaching
effects. In particular, single plane illumination provides high signal to noise ra-
tio and optical sectioning capability due to the planar excitation, representing
a useful tool for biological investigations of thick biological samples.
On the other side, two photon excitation microscopy (2PE) has been demon-
strated to be a suitable tool for improving penetration depth since it allows
for reduction of the scattering effects and light-sample interactions. To improve
image quality and penetration depth of light sheet illumination microscopy, two
photon excitation can be coupled with planar illumination [3] thus reducing the
scattering effects due to light-sample interactions.
We characterized the two photon excitation process within the light sheet and
we applied this technique to image large biological samples [4]. 3D imaging of
mammary cell spheroids in depth has been performed using the resulting hybrid
architecture.
Keywords: Two photon excitation, Single plane illumination microscopy.
(1) Huisken, J., et al. Science 305, 1007-1009 (2004).
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Scattering in thick biological samples plays a relevant role in imaging degrada-
tion and reduction of signal to noise ratio and contrast. Even if there are existing
techniques that allow imaging of very thick samples, they can suffer from ab-
errations and distortions related to scattering properties of the sample. Re-
cently, the capability of coupling light sheet techniques with Two Photon
Excitation(TPE) (1,2,3) provided a powerful tool for deep imaging of biologi-
cal samples. This has been proved to be a promising trend in thick-imaging mi-
croscopy, because it combines the advantages of light sheet techniques with the
increased penetration depth intrinsic of TPE. For this reason, in this work a de-
tailed characterization of the effects induced by scattering on the excitation pro-
file of a light sheet based microscope is provided. In particular, different
phantom samples, with different scattering coefficients mimicking the optical
properties of various biological tissues, are used. Experiments were performed
to investigate the shape distortions of the excitation intensity distribution pro-
vided by the light sheet, both in single and in two-photon excitation. This aspect
represents a crucial point, since the effective light sheet intensity distribution is
strictly related to the optical sectioning capability and image quality of the sys-
tem. Results show that the light sheet intensity distribution is less affected by
light-sample interactions and the shape is preserved in the case of TPE in com-
parison with single photon excitation regime. Furthermore, contrast measure-
ments has been performed using fluorescent beads embedded in different
